Seber (1970) and Ro'bson and Youngs (1971) 
Introduction
In the type of banding experiment considered here, a known muriber of banded 'birds is released into the population each summer for a number of years. The population is harvested during the hunting season each year, bands from captured birds are returned by hunters, and a yearly record is kept of the number of returns from each batch released. Seber (1970) and Robson and Youngs (1971) -2-developed a stochastic model for this situation under the assumption that annual survival, exploitation and reporting rates are year specific ·but independent of age. This model, (which we shall refer to as the SRY model), is a special case of the more general tag-recapture model given by Jolly (1965) , and the SRY estimators can be derived from the Jolly estimators. For reasons outlined below, the assumptions made under the SRY model, with respect to annual survival, exploitation and reporting rates are probably not realistic. This has lead to the development of new models, which are sufficiently different from the Jolly model to merit separate consideration.
The assumption that survival rates are independent of age, restricts application of the SRY model to data from birds banded as adults only since young and adult birds are thought to have different survival rates. However if records of releases and returns are kept separately for birds banded as adults and as young-of-the-year, then models can be employed which admit different survival and reported exploitation rates of young birds.
Another limitation of the SRY model is the ass~tion that reporting rates are constant for all birds in a given year. Reporting rates have been noted to be lower near the banding site, probably because hunters there are more accustomed to seeing bands and so return them at a lower rate. After migration birds do not necessarily return to the banding site, and hence the reporting rate for birds banded and released in a given year should be different from that for birds banded in previous years since the latter have undergone at least one migration. This leads to another modification of the SRY model.
The development of models reflecting the above considerations, corresponding estimation formulae, and certain tests of hypothesis follow.
-3-
The Model Under H 1
In general it is possible to distinguish only two age-groups of birds, namely young-of-the-year birds and adults (i.e., birds more than one year old).
Thus consider a 'banding experiment where known numbers of adults and young birds are released into the population each year before the hunting season, and yearly records of band returns are kept separately for birds banded and released as adults and for birds banded and released as young-of-the-year.
Consider the ith year of the banding experiment to be the period between the ith and (i+l)th ·banding dates. Let N. and M. be the number of adult and Thus, as in the SRY model, survival, exploitation and reporting rates are assumed to be year specific, but in addition it is assumed that survival and exploitation rates are different for young-of-the-year and adult birds, and we define H 1 to be the hypothesis that this last assumption is true. ~ can be characterized ·u,y the following.
Assuming that banded birds released into the population suffer statistically independent fates, the likelihood under H 1 of {Rij} is the same as that derived by Robson and Youngs (1971) and Bin (N,p) represents the Binomial distribution with parameters N,p.
Therefore, the maximum likelihood estimators of the parameters pi,pi, fi/pi' fi/pi are:
-7-and using the relationships p. = fi+S.p.+l' p~ = f!+S!p.+l' gives the maximum
likelihood estimators of the parameters f.,S.,f!,S!:
The estimators f~ can be shown to be unbiased, and the estimators s.,S! are ...
~ ~
consistent.
Variances and covariances of maximum likelihood estimators under H 1
Using conventional Taylor series methods, the following aaymptotic variances and covariances are obtained:
-sisi+l l::E(Ril+l·J -'\~J Cov (si,si+l) . . defined in the obvious way. As indicated by Seber (1970) , the parameters Sk-l+j ,fk+j are not separately identifia-ble for j=l, ..• ,s. 
• 11 i=l, ..
• ,k, and i=l, ..
These chi-square statistics are asymptotically independent and may be added to give a single test statistic which is asymptotical~ chi-square under H 0 with 2k-l degrees of freedom.
When the data arrays have k rows and k+s columns, s > o, the sufficient statistic under H 0 is~= [R 1 .+Q 1 ,, ... , ~·~·' T 2 +u 2 , •.. ,Tk+Uk' R.k+l+Q·k+l'''"'R·k+s+Q,k+s}' and the corresponding test is based on the distribution given by
For reasons discussed in the introduction, another model which is of interest is one under which the assumptions about survival and exploitation rates are the same as under H 1 , but in addition it is assumed that in any given year, the reporting rate for birds banded and released in that year is different from that for birds banded and released in previous years. We let H 2 be the hypothesis that these assumptions hold. 
The likelihood under H 2 is given by
(
l. 
All expectations are with respect to the model under H 2 •
The Model Under H 3
Under the hypotheses H 1 and H 2 it is assumed that survival rates are agespecific for birds less than one year old, but independent of age for all other birds. It may be, however, that survival rates are also age-dependent for yearlings, and independent of age only for birds more than two years old. This leads to a third modification of the basic model, and to the hypothesis H 3 , which assumes that survival rates are age-specific for young-of-the-year birds and yearlings only.
-15-In most cases it is possible to distinguish ·between young-of-the-year birds and adults only, so that the experimental situation remains the same, with data collected for these two classes of birds only. Each ·batch of adults released will include yearlings and older birds in unknown proportions. So in a given year the survival rate for a newly released batch of adults will be different from that of bird.s released in previous years. Therefore, new parameters f!'' ,S!'' are defined by:
-16-Then the hypothesis H 3 can be characterized by:
Again assuming that banded birds released into the population suffer independent fates, we obtain:
The minimal sufficient statistic is J 3 = (R 1 ,, ... ,~., Q 1 ,, ... ,~., 
The : : :
wi -Rii Both of the above expressions are in the form of a product of k-2 terms, each term being a hypergeometric probability, and the corresponding test statistics are obtained using the usual chi-square approximation as outlined in section 3. The derivation of each of these distri·butions .is analogous to that given by Robson and Youngs (1971) and is omitted here.
Rf-" . +l+Qt· . +1' ... ,R'}· k+Qf k 
where Q 0 . = o. In the context of this study, the model under H 1 has a meaningful biological interpretation but the other models descri·bed above do not. This is because a difference in the harvesting rate of young birds should be reflected by a -21-difference in their survival rate, and vice versa. Also young and adult birds released in the same year should have the same reporting rate.
The situation is more complex for the statistics J 2 ,J 3 , since analogous changes in the definition of p~'' ,p~' also give rise to new models. Again it l. l.
is difficult to find a meaningful biological interpretation for any of these models except the models under hypotheses H 2 ,H 3 , and so all except these last two models have been largely ignored.
It should now be recognized that tests based on J 1 ,J 2 ,J 3 are in fact related to the composite hypotheses comprising the numerous alternative models of freedom (k-2) (k-1), {k-2),(k-2) 2 respectively and k-2 + (k-2) 2 = {k-2)(k-l).
{iv) For j=2,3, if the non-centrality parameters for the statistics associated with each of (a), (b) are evaluated for Pitman type alternatives contained in H 2 or H 3 , using the Meng and Chapman formulae as descrfbed above, then these non-centrality parameters satisfy the same additive relationship described in {iii) f~r the corresponding degrees of freedom. The methods of this paper are easily extended to experimental situations where data are recorded separately for more than two age groups. This is the case in same tagging operations carried out in fish populations. If data for more than two age groups are available, then models can be developed which permit even greater flexibility in the assumptions about annual survival, exploitation, and reporting rates. A sequence of models, estimation formulae and tests have been derived for the situation where three age 6roups are recognizable, namely young-of-the-year, yearlings, and animals more than two years old. Details are given in Brownie (1973) . These three age groups can be distinguished in some species of geese.
In the derivations above, it has been assumed for simplicity that the data arrays (Rij},(Qij} are triangular, i.e,, that returns are recorded only for as many years as banded birds are released. In practice it is common for returns to be recorded for several years after the last batch is released, and in this case the arrays {Rij},{Qij} have more columns than rows. This situation is referred to briefly at the end of sections 2, 3 and details can be 'found in Brownie (1973) . A numerical example for data of this type follows.
Numerical Example
The above methods are illustrated using data for mallards banded in University.
In Table 1 Tables 2 and 4 contain estimates and confidence intervals for the models under hypotheses H 1 and H 2 respectively. In these tables FHAT should be read as f, F'HAT as f' etc.
Tables 3 and 5 contain the estimated covariances under H 1 and H 2 respec-
tively. Here FHATP(I) should be read as fi, FHAT3P(I) as fi'' etc. Table 6 contains the tests of H 0 vs H 1 , ~ vs H 2 and H 2 vs H 3 , and Table 7 contains the goodness of fit tests. In the goodness of fit tests some pooling across columns in the contingency tables may be necessary in order to justify applying a chi-square test. The fortran program uses an algorithm for pooling columns which is based on a procedure described by Robson (1971) . Thus in the first contingency table in the goodness of fit test to H 3 pooling has resulted in a table with 5 columns instead of 7 and the degrees of freedom are therefore 8 instead of 12. The goodness of fit tests to H 1 , H 2 are computed using the approximate method described in section 8.2. Table 6 shows that the test of H 0 vs H 1 is very significant and we conclude that young-of-the-year and adult birds have different survival and reported exploitation rates. None of the other tests are significant and we conclude that the model under H 1 is appropriate for this data. SKoooSK+I-lFK+I 
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